I. Introduction
The study of rural development in India seems to have reached a new stage of hightide in the recent years. One of the major reasons for this is that the government has laid em phasis on the development of the weaker sec tions1 of the society in its Fourth Five Year Plan initiated in 1969. The majority of the weaker sections of people live in the rural areas of India. Thus the development of her na tional economy will never be realized unless the economic standards of the weaker sections in rural areas is effectively improved by govern ment planning.
The government of India emphasizes rural development. This can be clearly understood in the formation of the Ministry of Rural Re construction in 1978 and its re-formation as the Ministry of Rural Development in 1981. This re-formation has brought about the im plementation of the "Integrated Rural De velopment Program" which has constituted the basic development planning of rural India since 1978.
Under such circumstances, some of the re search works by scholars such as FRANDA (1979) , MISHRA (1982) , and SUSSMAN (1982) have pre sented some interesting results on rural de velopment in India. However, the authors have felt that those studies could not satis factorily highlight the core strategy to solve the basic difficulties for further development. It may safely be said that the major shortcom ing of such studies on rural development is lack of deeper consideration of the physical environment of rural India. Any planning strategy should be based on a comprehensive study of the physical factors characterizing a particular planning area.
II. Objectives of the study
Objectives
Studies of settlement structure, settlement pattern, and land use have been the traditional fi eld for the geographical study of rural areas in India for a long time. The objectives of this study are, firstly, to understand the charac teristic features of the physical environment of rural areas and, secondly, to discuss how a particular physical environment affects the development programs in the areas of the South Deccan plateau prone to drought and the problems arising thereof. The signi fi cance of undertaking a study of rural develop ment in the drought prone areas is that such areas of environmental frontiers exist not only in India but also in other parts of the world. If a new strategy of development for drought prone areas could be found, it would certainly contribute to the enlargement of the possi bility of improving the low level of socio economic conditions in rural areas of other parts of the world as well.
Data and research methodology
The discussion of this paper is chiefly based on firsthand data and information collected through a field survey in the State of Karnataka in 1980. The authors take the view that the fi eld survey is one of the most basic methods of geographical study. The land surveying and the "door to door" interviewing method are the two major techniques used for this study. In addition, secondary source of in formation is also obtained from government offices and used in conjunction with the field survey in order to support the firsthand in formation.
III. The study areas
The regions
The State of Karnataka is generally divided into three major physiographic regions, the West Coast, the Malnad, and the Maidan as shown in Figure 1 
The villages under study
The villages under study were selected from the drought prone area, or in other words, the semi-arid area of the State of Karnataka. The first village, Yaradona in Raichur district, is located about 450km north of Bangalore ( Figure 1 ). Yeradona is a part of the command area of the multi-purpose Tungabhadra Pro ject which commenced in 1953. The village has been experiencing a great change in various aspects since the introduction of irrigation canals in 1957. The most significant change has occurred in the agricultural systems from dry farming to wet farming by emphasizing rice cultivation. The rapid growth of agri 1. Reservoir 2. Irrigated area (From FUJIWARA, 1982, p. 13) cultural production has brought about an im migration of many agricultural laborers whichh has resulted in a tremendous growth of popula tion in the village studied. The population of the village has increased about 3.9 times in the last 30 years (from 1,228 in 1951 to 4,783 in 1981) . Thus the traditional community structure of the village encountered difficulties both by the change of living conditions and by the reform of the agricultural systems. The second village, Bidarakere in Chitra durga district, is located about 300km north west of Bangalore (Figure 1 ). The agriculture of the village relies mainly on the traditional dry farming. Ragi, jowar, navane (Italian millet: Setaria italica Beauv.), and paddy are cultivated as food crops, and cotton and onion as commercial crops. It is said that cotton was first introduced to this village in the beginning of 1920s and onion in 1949. Several development schemes under the Drought Prone Areas Program have been in full progress since 1970. The population of the village was 1,911 in 1951 and 2,903 in 1981. However, it is also noteworthy that the birth rate has been gradually decreasing since 1961.
IV. Types of development programs
The development strategy for the drought prone areas is varied as seen in the report of the Working Group of the Planning Com mission on Integrated Rural Development. The Drought Prone Areas Program (DPAP) has the following objectives: (i) development and management of irrigation; (ii) soil and water conservation and afforestation; (ii) re structuring of the cropping pattern and pasture development ; (iv) changes in agronomic prac tice; (v) livestock development; and (vi) en couragement of small and marginal farmers and agricultural laborers (Ministry of Rural Development, 1982) . It is clear from these objectives that the development of irrigation and soil conservation are the key strategies for the drought prone areas. In this study the major points of discussion are devoted to irrigation and soil conservation.
The major modes of irrigation in India are canals, tubewells, traditional wells, and tanks. Table 1 shows the change in the area irrigated by these modes in India since 1950-51. It clearly demonstrates the rapid growth of the area irrigated by government canals and tube wells since independence. This is because the government has emphasized on these two types of irrigation systems in the development plan ning of rural areas.
The rural development schemes centering on various irrigation proj ects can be seen in the semi-arid areas of the State of Karnataka. One example is the Tungabhadra Project. It presents a typical type of multi-purpose large scale canal irrigation project initiated just after independence. The other is the "Drought Prone Areas Program" (in operation since 1970) which is a kind of integrated rural de velopment scheme. The effects of the two different schemes on rural development may be understood from the results of the field survey carried out in the studied villages in each of those particular planning areas.
Two types of rural development
Two types of rural development schemes in the drought prone areas are hypothetically presented in the present study. The first is the effect of a canal irrigation project. The impact of this on the socio-economic struc ture of a planned area will be immense. In this case, the traditional rural systems change rapidly into a modernized system. Over a longer period, it could be expected that the socio-economic standards of a particular village will increase immensely. The second, that is, the integrated development program centering on minor irrigation, when applied to a planned region, shows a good response. In this case the socio-economic structure of a particular village gradually improves and the population attains a higher standard of living over a period of time.
Development through canal irrigation
One of the most effective ways to develop agriculture as well as the farming system in the drought prone areas is the construction of a canal irrigation system on a large scale. The Tungabhadra Project (TBP) is one of the most important projects constructed in South India since independence. The original plan of 1860, according to the Command Area Development Authority of Tungabhadra Project (1976) , was the inspiration of Sir Arthur Cotton who was known as "the irrigation wizard of the South". Since then, several plans have been presented to the government by various commissions. One of the difficulties encountered in imple menting the plans in those days was that the Tungabhadra River was so long and big that the neighboring state governments of Mysore, Madras and Hyderabad could not come to a mutually satisfactory agreement concerning the distribution of water among them. The inter-state agreements were finally made in 1944, and the project was officially commenced on February 28, 1945 as a joint venture of the Governments of Madras and Hyderabad.
The construction of the dam at Mallapuram near Hospet and excavation of a part of the canal system were completed in the first half of 1953 and water was first made available for irrigation on July 1, 1953. The dam con structed at Mallapuram is 2,450m long and 49m high above the lowest bed level of the river and has a storage capacity of 130.7 T. M. cft (3,701.0M.cu.m.). It corres ponds to 28.6% of the annual discharge flowing into the dam in a year. The reservoir has a catchment area of 27,972km2 and a water spread area of 378km2. The Left Bank Canal (LBC) which irrigates the studied village, Yeradona, is 227 km long and irrigates 580,000 acres of areas solely in Raichur district.
One of the features of the Project is the localization of cropping in the command areas. The main objective of localization is the utiliza tion of water to its maximum capacity with a reasonable cropping pattern, viz., extension of irrigation facilities to as wide an area as possible, economization of the use of water., adoption of the block system for irrigation and reduction of the intensity of the water flow. The localization of cropping was carried out under the conditions that (i) each village had its share of irrigation, (ii) wet and dry blocks were arranged roughly in the proportion of 1:3, (iii) continuous patches of fertile land were chosen for wet block, and (iv) wet blocks were not localized near a settlement so as to safe guard the villagers' health against malaria. Heavy irrigation is usually avoided within 800 m of human habitation, but such land, if localized, can be reserved for light irrigation only.
The basic allocation of localized areas in the command area of the Left Bank Canal is illus Table 2 and the basic irrigation calendar is presented in Figure 2 . From Table  2 it may be said that the importance of irriga tion can be justified in the light irrigation of kharif and rabi crops which have been the traditional crops in the drought prone areas or the semi-arid areas in India. This planning idea should be appreciated on the following two aspects: (i) the local people are well ac customed to the cultivation of traditional crops and (ii) light irrigation is worthwhile in pre venting water-logging and alkalization of the soil caused by giving too much water to the field. However, it is the fact that there are some drawbacks in the effective use of irrigation as follows: (i) unauthorized cultivation outside the localized area, (ii) violation of the autho rized cropping pattern, and (iii) violation of the season. These three types of unautho rized irrigation create further difficulties for rural development. One of the very severe problems is the increase in water logging and salinity in low-lying lands. FUJIWARA (1982) has described the critical conditions as follows . Though the problem of water logging and salinity is inherent in a system of canal irriga tion in a dry region, it has been aggravated in this project by unauthorized irrigation, leakage from canal and also by land conditions with shallow soil and lack of drainage facilities. In addition, one of effects on the land of water logging and salinity is the continuous decrease in land value. The percentage of the water logging areas by the distributary ranges be tween 1.5 to 12.5%. The sample area of water-logging can be seen in Figure 3 . It may however be said that some of the difficulties mentioned above are brought by the nature of the project. The aim of the main canals and distributaries have been so designed that the greater part of the canals run on the higher part of undulating land surface, because the project has been planned to provide drinking water to many villages as well as irrigation water for dry-cum-wet crops.
Development through minor irrigation and soil conservation
The study of the Drought Prone Areas Program has been promoted by SINCH (1978) and SRIVASTAVA (1978) . SINGH (1978) taking the sample study of the State of Pihar demon strated that government recognition of drought prone areas no longer bears sufficient relation to the realities of the region. The study con cluded that an agro-climatic study on a micro regional scale has to be promoted in order to obtain a more precise strategy for rural de velopment. SRIVASTAVA (1978) pointed out the confusions which exist in the processes of planning, implementation and assessment of the development schemes.
The DPAP was executed in 1970 by the central government as one of the three core regional development programs for the Fourth Five Year Plan . The program was an extension of the Rural Works Program introduced in the beginning of the Third Five Year Plan . At the initial stage of the DPAP in 1970-71, the central government selected 74 districts from 13 states as the areas affected by drought and implemented various kinds of the labor intensive schemes such as minor irrigation, soil conservation, afforesta tion and road construction. The approved area under the program covered an area of about 20% of the total land with a population of 60 million or 12% of the national figure.
The basic objectives of the DPAP are pri marily to avoid the severe effects of drought, secondly to stabilize the income of the people, particularly the weaker sections of the society, and thridly to recover the ecological balance.
In the State of Karrlataka, according to PUTTASWAMAIAH (1975) , 46 taluks (an admini strative sub-unit of a district) from 10 districts grouped into five project areas were selected for this program. The total area under the program is 58,741.1km2 with a population of about 7.4 million which forms 9.8% and 11.2% respectively of the area and population of the 74 districts in India affected by drought. The area affected by drought in India is 600,000 km2 with 66 million people in 1971. The total cost of the project in the State of Karna taka was met by the central government with exception of 11 taluks of the Bijapur district, where the project cost was met with the as sistance of the world Bank. The Fifth Five Year Plan (1974-78) was slightly different in that: (i) fifty percent of the project cost was to be met by the state govern ment, (ii) the basic concept was to emphasize the development of infrastructures at the ex pense of beneficiaries, and (iii) the water-shed development approach was to be established. Table 3 shows the percentage of the total cost of the projects incurred by each individual sector of the major development scheme under the DPAP. The scheme-wise percentage de monstrates the major development work plan ned for the Fifth Five Year Plan of the State of Karnataka.
The maximum percentage was allocated to the development of minor irriga tion (32.4%) then to soil conservation and dry land farming (21.7%), and finally afforesta tion (17.4%). The addition of those top three schemes accounts for 71.6% of the total planned cost.
V. Development of a village by the canal irrigation
The studied village, Yeradona, is situated in the command area of the Tungabhadra Pro ject which was commissioned in 1953. The average annual rainfall over the last 50 years at Raichur, the district headquarters, and Bellary, an adjacent district headquarters, is 565mm and 520mm respectively. These data prove that the village is located in the semi arid zone of climatic condition. Topogra phically, the village is situated on a gently undulating plain of vast erosion surfaces. The village area is divided into three units of land forms, viz., the upland, the valley plain and the gentle slopes in between. The upland ranges from 400 to 425m in altitude and the valley plain ranges from 395 to 407m. The main settlement of this village lies on the gentle slope of the eastern part. The village area is covered with red soil whereas the black cotton soil is limited only to the eastern upland. There are two distributaries, viz., No. 31/4 flowing on the eastern upland and No. 31/3-2 flowing on the western upland. The former is used for light irrigation in the eastern sector of the village and the latter is used for paddy irrigation in the western sector (SADAKATA, 1982) . The development of irrigation facilities has indirectly given rise to the increase in popula tion of the village. The population was only 1,540 in 1961 with 332 households. In 1971 it increased to 3,173, and to 4,521 with 879 households in 1980. It is incredible to realize that the population has expanded three times its original size in twenty years.
Change in land use
There was a drastic change in land use after the introduction of irrigation to the village in 1957. Prior to the construction of the canal system, 5,757 acres were under dry cultivation, while 85 acres (1.30 of the total cultivated area) were irrigated through village tank and open wells (BALASUBRAMANYAM, ed., 1966, p. 29) .
The important dry crops in khan f season were jowar, groundnuts, bajra (Pearl millet: Pen nisetum tyhoideum Pers.), and navane. The major crops grown in the rabi season were white jowar (locally known as bili jora), cotton, Bengal gram, and safflower, with wheat and linseed grown as minor crops. valley plain which could be irrigated by the village tank. The paddy area constituted only 1.2% of the total cultivated area . However, after the establishment of sub-distributary No. 31/3-2, the paddy fields have been ex tended to the upland of the western part of the village, which is covered by red soil . On the other hand, in the upland of the eastern part of the village which enjoyed the irriga tion facilities from sub-distributary No . 31/4, light irrigation crops were introduced . Cotton cultivation was started in the land composed of black soil and groundnuts in the mixed with red and black soil or red soil. The bagayat cultiva tion of garden crops was started east of the main settlement on the gentle slope towards the west. The surface water for irrigation in this area has helped to conserve ground water and is maintaining the water level of wells in the settlement. As seen from the above discussion , the plan ning of irrigation channels and localization was made after sensitive consideration of physio graphic conditions such as relief, soil and ground water in the village. water in any way they desire. This results in the violation of the planned cropping pattern. It is also obvious that some farmers are violat ing the planned water distribution. The third problem arises out of the violation of the assigned seasonal water use. The Tungabhadra Project Authority has appor tioned almost an equal area for crops in rabi and kharif season. However, there is a general trend for the farmers in the rabi season to grow the kharif crops which require more water than the rabi crops. The reason is that the farmers are well accustomed to grow khayif crops such as maize and groundnuts due to the nature of semi-arid climate. This causes the break-up of the planned water distribution for the rabi season.
The three types of unauthorized irrigation, mentioned above, bring various undesirable effects like: (i) water-logging and salinity in low-lying lands, (ii) lack of adequate water in the tail-end areas, and (iii) trends against the principle of economic and social welfare. If they are not brought under control, the whole water management will be upset and, further, the ecological balance in the village system might be disrupted.
It is our tentative conclusion that the ex pansion of water-logged plots in the village in the future are likely to continue and it will probably be very difficult to stop the process. The major reason is due to the original Ayacut plan and the positioning of the distributary which runs rather in the higher portion of the village. In the long run, it is to be expected that the water will naturally infiltrate into the lower portion of the field which was allocated for light irrigation under the localization of the dry lands. Once the plots of light irrigation or of dry land are dampened, it becomes very difficult to cultivate dry crops such as jowar and bajra which are the major food crops for the local people. Taking all these facts into consideration, dispute often arises between the Irrigation Department and the farmers, and also among the farmers themselves in connec tion with water utilization. The development of commercial agriculture brought about three further aspects of social changes. First, the socio-economic gap be tween the upper and the lower class families has been broadened, even though the living standards of the lower class have been raised considerably. Secondly, the upper class has moved from the main settlement to the out skirts or in the erstwhile fields in order to effectively manage their agricultural activity. As seen in Figure 6 , there are many open spaces for homesteads in the main settlement. In this way the traditional jati-wise segrega tion of residential areas has loosened. Thirdly, with the drastic changes in the social and spatial structure of the village, the traditional village ties have been breaking down. Therefore, it seems that the villagers' cooperation for change and desire for the establishment of such in frastructure as a health unit, a nursery school, street-lighting, a piped water and sewerage system have not been achieved.
Social changes in a traditional village
Regarding the rapid increase in population through migration, Yeradona village has two types of new settlements which were formed under different circumstances for two different purposes. The first type had been formed just after the completion of a dam. The Com mand Area Development Authority (1976) noted that the construction of the dam had resulted in the submergence of 38,726 acres of land in Raichur district, affecting 5,395 house holds and 22,752 people in 40 villages of Koppal taluk. Out of the 40 villages, 10 were com pletely submerged and compelled to move into the command area under the Tunga dhadra Project. Those households without any land property in the submerged area were invited to settle down as agricultural laborers in other village within the irrigated areas. In Yeradona village, one big land owner donated his land of 6.03 acres (adjacent to the settle ment) to the government, and 52 households were accepted to settle down there. The people have called the place "Yeradona camp" as shown in Figure 6 . At the end of 1980, there were about 180 households of which half 140 K. FUJIWARA and S. NAKAYAMA of them came from the region of dry land of Raichur district, adjacent to the command area of Tungabhadra Project. Most of the adults, both male and female, are engaged in agricultural labor and form the poorest class in the village. Most of them are living in thatched houses without latrines and elect ricity. There are three small dug wells for drinking water in the camp, and no planned streets and sewerage can be seen. They have no established community contact with the people of the main settlement except concern ing the contract of agricultural labor. It would be difficult to improve the living con dition of these agricultural laborers at the present wage level. However, the laborers are more satisfied with the new condition, as they have been able to find a more stable em ployment than before. The second type of settlement established consisted of migrants from outside the State with considerable experience in irrigation agri culture (MAHADEV and BOREGOWDA, 1982) . In the majority of cases, these immigrants, most ly from the State of Andhra Pradesh, have not settled in the old settlement sites, but have established their own camp near their place of cultivation.
The Kindi camp in Yeradona village as seen in Figure 5 is a good example of this type. There were 87 households in December 1980 in the Kindi camp. MAIDA (1982) draws attention to the marked feature of the forma tion of the Kindi camp. At the initial stage, the camp was established as a pilot farm for paddy cultivation. This settlement evolved eventually into a full fledged "frontier line" from where all farming practice, information and further technical innovation for irrigated paddy had diffused widely and come into common use. It was a widespread practice among the initial settlers to call their relatives and friends to help with their agriculrutal activities as agricultural laborers and invited them to join in the cultivation. The families from the State of Andhra Pradesh lived at first in houses of Andhra type with a kipped roof, but when they re-built their houses they followed the local type with flat roof. It is noteworthy that once there was a village road between the main settlement and Kindi camp, The studied village Bidara kere is not an exception.
It must be noted that the development schemes in this drought prone area were rich in variety, and had considerable impact on the changes in socio-economic structure of the village. The major schemes established and executed in Bidarakere are set out in detail in Table 5 . The opening of the Agricultural As sistant's mice (in the Mid-1950s), the Agri cultural Cooperative Society (1964) , and the Rural Veterinary Dispensary (1974) had great effect on the increased crop yield. The elec trification (1945), the National Scheme for Piped Water (1974) , and the People's Housing Scheme (1975) had some effect on raising the living standard. Further, the Contour Bund ing Works (1959) and the High Yielding Variety Program (1968) had a direct impact on the agricultural development. Taking into consideration all of the schemes introduced in Bidarakere, it may be said that they have certainly contributed to the improvements in the socio-economic condition of the village.
The contour bunding is one of the most im portant schemes among a variety of develop ment programs for agricultural development. The Working Group of the Indian Govern ment Planning Commission has established six strategies for rural development in the drought prone areas (Ministry of Rural Development, 1982) . Among them the strategy involving water control is the most important. As has been mentioned above, there are three types of water development schemes, namely canal irrigation, minor irrigation including surface (tank) irrigation and ground water (well) irriga tion, and soil conservation mainly by the contour bunding method. In Bidarakere village, development through contour bunding and bore-well irrigation is discussed in the follow ing section in order to improve our under standing of the problems encountered as a result of such development programs.
Soil conservation through contour bunding method
The purpose of soil conservation in drought prone areas with uncertain and inadequate rainfall is not only to control soil erosion, but also to conserve soil moisture. It is commonly accepted in India that "soil conservation" means soil and moisture conservation. Methods of soil conservation in India have made great progress in the last 30 years, various methods based on slope, soil, rainfall etc. have been employed. The contour bunding scheme for soil conservation is applied principally in such conditions where (i) the area has annual rain fall below 800 mm, (ii) soil of good permea bility with 12.5mm per hour, and (iii) land slope below six percent. However, in areas of black soil, the regulation is applied for making graded bunding (terracing), without consideration for the volume of rainfall. The contour bunding in Bidarakere village was executed by the Agricultural Department of the State Government from 1959-60 to 1969-70, and the work has been undertaken as one of the schemes under the DPAP from 1970-71 to 1979-80. The work has been done in 15 blocks in the village and covered 2,064 acres which presented 79% of total culti vable land till November, 1980. The total cost of the scheme was Rs. 166,040 which was paid to people of weaker sections such as agricultural laborers and marginal farmers as daily wages. It should be appreciated that the jobs created by it realized another major purpose of the Drought Prone Areas Program to secure em ployment for the weaker sections of the village.
The size of bund is decided after a detailed survey of landholdings, slope of fields etc. (Figure 7 ). It is true that contour bunding has had success in preventing sheet-wash of fields and in keeping rain water in the fields. This results in good crop yield in the fields near the bunding where the capacity for storage of water is much greater than in other more distant fields. Bunding is efficient in red soil areas, but not in black soil areas. In black soil areas, contour bunding has resulted in another type of field erosion which is known as gully erosion.
It is due to the low per meability of black soil. In heavy rain, surface flow arises, with shower-type rushes to the outlet of the bond, and within a short time breaks down the area around the outlet. Fur ther erosion results in a gully. In Figure 7 , the newly developed gully of 1 to 3m in depth can be seen in the field of contour bund ing at the southeastern end of the village. Owners of land with such heavy erosion find it impossible to repair this at their own cost.
Gully erosion is often related to a technical fault, and land owners have little understand ing of the need for the introduction of contour bunding to their fields. The major purpose of the DPAP is to provide employment for the ( From FUJIWARA, 1982, p. 17) weaker sections of society and that soil con servation was considered as a by-product of the Program. Therefore the land owners have been passive in the contour bunding work and they were not enthusiastic in maintaining and repairing the bunding. A good example to justify this view can be seen in the fact that no land owner has returned the cost of the bunding to the government. The government regulation was that the work cost should be repaid by installments within 20 years, start ing from five years after commission of bund ing. The average installment per year per beneficiary is said to be Rs. The bore-well irrigation is one of the major schemes in the development of minor irriga tion systems. The largest percentage (32 .400) of the Fifth Five Year Plan for the State of Karnataka was entirely devoted to the de velopment of minor irrigation. SADAKATA (1982) reported the details of the development of bore-well irrigation in Pidara kere. In the village, there are 23 bore-wells, the location of which are shown in Figure 8 .
There was only one open dug well in the village before independence. The rush of bore-well construction came during the latter half of the 1960s and the beginning of the 1970s. As a result, a total of thirteen bore-wells were opened. Before the introduction of DPAP, some farmers had taken out a "well loan" instituted under the Integrated Agricultural District Program which was initiated in 1961. Under the DPAP, farmers were able to take advantage of the well loans from the govern ment linked banks.
With regard to land use, marked changes occurred after the introduction of bore-wells into the village. Until the introduction of them, the land in Bidarakere was divided into two types, namely dry land and wet land. However, since the introduction of bore-well construction, the use for dry land has been further divided into two groups, namely (i) dry land on the upland and the upper part of the slopes, and (ii) wet land by bore-well irrigation on the lower part of the slopes. The use of the wet land by the village tank has also been divided into two groups, namely (i) wet land in the valley bottom irrigated by the village tank only, and (ii) wet land in the valley bottom irrigated by both bore-well and the village tank. On examination of the crops in the fields irrigated by bore-wells, three types of cultivation can be found. The first is the cultivation of ragi, jowar and groundnuts of high yielding varieties which require a careful management of the water supply. The second is the cultivation of sugarcane, coconuts, banana and paddy which require a heavy water supply. The third type is the cultiva tion of mulberry or betel leaves which also require a sensitive control of water supply.
The bore-well type is generally an open square-dug well with sides of 10 to 15 meters and a depth of 5 to 15 meters. In many cases, subsidiary wells are dug in the bottom of the main wells with the aid of 2 or 3 steel pipes (a depth of 20 to 50m). The capacity for irrigation of a bore-well with a 3 to 5 HP motor or diesel engine varies from 1.5 to 10 acres, but in the case of Bidarakere, the average capacity is only 4.7 acres (SADAKATA, 1982) . ( From FUJIWARA et at., 1984, p. 147) The location of the bore-wells constructed in the 1950s are concentrated in the valley bottom (Figure 8 ). However, since the begin ning of the 1960s the location of the bore-wells has been diffused into the gentle slope with thick weathered layer at both sides of the valley bottom. It is important to note that there is no single case of construction of a bore-well on the upland or the upper half of the slopes. It may be said that the capacity of bore-well irrigation on the village is reach ing its maximum from the view point of water resources.
VII. Conclusion
The drought prone areas of India have long suffered from socio-economic backwardness. Much need to be achieved before the region can attain a higher standard of living and produc tion. The studied villages, Yeradona and Bidarakere, are located in the semi-arid zone of the South Deccan plateau. The different strategies of development applied to each village have resulted in differences on the development of the socio-economic structure of the villages.
It can be derived that the development of water resources is the key factor for rural development in the drought prone areas in India. The first studied village was a good example of the development through large scale canal irrigation and the second of de velopment through rain and ground water (bore-wells). However, the present study has made clear the advantages and disadvantages of development. The effects of development found in this study can be summarized as follows.
The developmental effects in Yeradona village with canal irrigation are (i) the end of the constant fear of drought and the uncertain ty of production as a result of the dramatic improvement in the agricultural system, and also the transfer from self-sustaining agricul ture to commercial agriculture, (ii) the in crease in disparity of standard of living among villagers, (iii) the delay of consolidation of public facilities in the settlement because of the loosened social structures, (iv) the increase in tension between the Irrigation Department and the farmers, and also among farmers re garding water-management, and (v) the fall of land value caused mainly due to water logging and salination of agricultural land.
Effects of development programs in Bidara kere village with contour bunding and bore well irrigation are (i) the increase in the employ ment opportunity and the decrease in out going migration from the village because of the steady improvement in living standard through development programs mainly based on agricultural development and the con solidation of the infrastructure of the village, (ii) the change in the pattern of soil erosion from sheet-wash to gully erosion because of apathy on the part of the villagers for the de velopment programs, and lastly (iii) the ap proach to the upper limit of water resource development through bore-wells.
Comparing these two patterns of rural de velopment, it is certain that the standard of living of the villages has been raised by de velopment efforts. The former showed sudden change and the latter a slow and steady change. However, both cases have developed a new type of disruption of the land-ecological balance. In the first village, the effect of the water-logging and salination of the fields forces the complete abandonment of cultiva tion. As a result, the farmers are not able to cultivate even dry land crops which had been the major crops before the introduction of canal irrigation. In the second village, the development of gully erosion due to contour bunding of fields is causing very critical prob lems. The farmers do not have enough funds to repair their fields destroyed by gully erosion.
It may safety be said that such disruption of the land-ecological system has resulted in the non-scientific approach to the cultivation of the fields by farmers, and at the same time, the delay in coping with the situation by the administration. However, it can be concluded that the most important factor for success is the villager's willingness to think in a proper and rational way to achieve development under such unstable climatic conditions as those of the semi-arid and drought prone areas. Thanks are also due to the Ministry of Education, Government of Japan for funding the Grant-in-Aid for Scientific Research (Overseas Scientific Survey) for 1980.
(Received May 21, 1985) (Accepted July 26, 1985) Notes 1) The term of "the weaker sections" is commonly employed by the Government of India as an administrative terminology. The weaker sec tions under the Integrated Rural Development Program is defined as such socio-economic groups as small and marginal farmers, sharecroppers, agricultural and non-agricultural laborers, rural artisans and families belonging to the Scheduled Castes and Scheduled Tribes who are below the poverty line. The definition of a family below the poverty line is one in which the monthly income is less than Rs. 62per head. On average, a rural family has five members and thus those families having an income from all sources of less than Rs. 3,500per annum may be regarded as living below the poverty line (Ministry of Rural Reconstruction, 1980, p. 1 & 4) . 2) The word Ayacut is commonly used by the irrigation departments in India. It means an area served by a major irrigation project.
